Evolutionary biology as a tool towards a more customized
biological control strategy of weeds: Hoary cress as a case study
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Introduction Materials and methods

The collar gall weevil Ceutorhynchus assimilis (Paykull, 1792) [=
C. pleurostigma (Marsham,1802) syn.n] (Colonelli, 1993) is
widely distributed in Eurasia where it colonizes an indigenous
weed Cardaria draba (L) Desv. (= Lepidium draba)
including crops. Within
the framework of a biological control program of C. draba (Fig.1),
which is considered as an invasive weed in North America
(Mulligan and Findley, 1974), Ceutorhynchus assimils (Fig.3.a.b)
has been targeted as a potential biological control agent. Host-
range studies in laboratory (choice and no choice conditions) and
open field (choice conditions) displayed ~specific larval
development of this weevil reared from galls of C. draba in
Southern France (Fig.2) (Fumanal et al., 2000; Fumanal et al.,
2002). Such observation was in discrepancy with its pest status
given in the literature (Hoffman, 1954). This called for the use of
genetic markers to get insights into the population genetic
structure of this recognized species.

Plant material : A total of 32 populations including 190 individuals of Cardaria draba were sampled across
its native range in Eurasia (26 populations) and its introduced range in North America (6 populations). The
Eurasian samples were chosen to match the presence of Ceutorhynchus assimilis at the same location
(Fig.4.a.b). The genetic structure of plants was studied using a derived Amplified Fragment Length
Polymorphism (AFLP) method.

Data analysis included phylogenetic reconstruction using phenetic UPGMA based on Nei's unbiased
distance presented here.

Insect material : We analyzed 63 populations including 572 individuals of Ceutorhynchus assimilis from
natural populations representing different collection sites throughout its distribution area in Europe and
collected on the whole spectrum of host-plants (Fig.4.a). Insects were identified by taxonomists and carried
the same morphology. A 560bp fragment of COI mitochondrial gene was sequenced (two individuals per L
populations) and the genetic characterization was extended by DSCP analysis of a shorter fragment of COI
(317bp) selected to maximize observable polymorphism.

ig.1: a- Cardaria draba pétch in flowering stage on fallow land.

b- Cardaria draba both at the rosette and flowering stages.

Data analysis included phylogenetic reconstruction using Neighbor Joining distance method (NJ) based on
the pairwise percentage of divergence presented here.

Genetic variation of C. assimils was examined using
mitochondrial Cytochrome Oxidase | gene (COI) sequencing and
extended here by double strand conformation polymorphism
analysis (DSCP) (Barros et al., 1994; Saad et al., 1994) in -
natural its listributi as
well as its hostrange, uncovering several distinct lineages.
Interbreeding experiments between the different genetic entities
(using a novel noninvasive fecal DNA method) were conducted
to assess whether reproductive isolation occurs.

Interbreeding experiments : Four i of C 1s assimilis clades I, lll and IV
were selected as they are living on three host-plants from different sites and corresponding to populations
previously studied in host-range experiments. Selection of populations was based on multiple criteria: first,
genetic entity that involves the three distinct main clades; second, host-plant used in nature including the
target weed, Cardaria draba (populations A- Southern France, clade Il and E- Toscana, Italy, clade IV) as 1
well as wild and cultivated Brassicaceae, Sinapis arvensis (population D, Southern France, clade Ill) and
Brassica napus oleifera (population C, Western France, clade IV); third, distance between the populations
from close (less than 5 km) to distant (France and Italy). Populations A and E are especially important in

Likewise, a study was jointly undertaken to trace the origins of
American C. draba populations and to evaluate the genetic
structure of the plant based on amplified fragment length

Fig2: a- Different stages: of Cardaria draba

polymorphism (AFLP) analysis in its native range in parallel to infestation by the collar gallweevil from uninfested interbreeding tests as they represent distinct clades although they use C. draba as host-plant in
the study on the insect. " to_severely_infested “plant (irom  left {0_right). b- eographically distant area.
" _iGioss section, of gals exhibiting developed mature geographically -
This approach, using information from both the target weed and ) Weevil populations were separately reared from the corresponding host-plant galls. The larvae were kept
its potential biological control agent, provides valuable insights in ! d .
the t-plant it allows |so|algd ungll the ‘emergence of the adult_s which were sex-dete_rmlned under binocular. Then, lhe_y were
for a better estimation of risk assessment in biological control genetn:al_ly identified by a novel noninvasive method gsee technical box) based on direct amplification (by
PCR) of insect fecal secretions (Fig.3.C) associated with DSCP.
strategies.
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Fig3: ‘a: Ceutorhynchus assimiis adult on*plant,
characterized by two thoraco-helytral spots (in yellow). b-
A novel noninvasive method for the genetic characterization of insect o U4 fecalSccrelign]
feces based on direct-PCR amplification associated with DSCP
a [ &
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92°C for 1 min followed by 35 cycles of 92°C for 30 s, 48°C for 1 min, 62°C for 30 s. * 1
The last elongation step was extended to 7 min. PCR products were checked on 1%
agarose gel electrophoresis before determination by DSCP with electrophoretic g 5
migration in acrylamide gel (PCR products were electrophorized in TBE 1X buffer, | .
3 10% polyacrylamide 49:1 gel (30% acrylamide, 5% Glycerol) for 15 hours at 100V, - * "
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Results

Genetic data

Cardaria draba: Characterization of the genomic polymorphism as highlighted by AFLP reveals two main genetic

clusters shaping the between in the whole European distribution (Fig.4.b). One
first cluster (in red) displays a restricted area centered on Southern France (see figure 6.b) whereas the second main
: cluster (in yellow) is widely distributed in the whole European distribution. However, the American population samples

do not cluster together and are distributed throughout the phenetic tree. Such pattern is also found in other weeds
using the same approach based on AFLP markers as for the wild radish that invades Australia (in preparation).

Ceutorhynchus assimilis: 31 haplotypes were identified based on DNA sequencing and represented on the Neighbor
Joining tree (Fig.6.a). Among the four clades highlighted, clade II is strictly represented by C. assimilis populations
collected on C. draba inside a restricted area as shown in figure 4.a above (Northemn Spain, Southern France and the
Northwestern part of ltaly). The sequencing analysis was combined with the DSCP technique giving evidence of 5
haplogroups. Two of them represented clade I, two others corresponded to clades | & IV and the latest to clade Il
Also, each haplogroup found on DSCP displayed differential migration pattems on polyacrylamide gel in relation to
different curvature profiles. The divergence observed between the clade Il and others (2.3 to 3.9%) is unexpected at
the intraspecific level.

a Ceutorhynchus assimilis b- Cardaria draba Biological data
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applied on FLP loci. provided for each supported branch. populauons A (clade 1) and E (clade IV) both on C. draba host-plant showed gall and larval development in the case of
E 1 r males A x females E but so far no development for females A x males E for which one observed small galls and
aborted larvae (for the fraction of galls already dissected). Second, crossings of populations A (clade Ii, on C. draba)
and C (clade IV, on B. napus oleifera) led to abnormal small galls on their natural host-plants. Nevertheless, crossings
Conclusion involving female A x male C produced eggs but also aborted neonate larvae on C. draba without presence of normal .
galls. Interbreeding experiments are still ongoing and we will have to wait for the complete development of the hybrid #

larvae into adults to determine their fertility.

Based on preliminary biological tests during 1999-2002, the specificity of Ceutorhynchus assimilis populations from Southern France to v

Cardaria draba was first hypothesized and later confirmed. Whereas there was no distinct difference in morphology between populations i the : £
distribution area, we found large genetic variability among the analyzed weevil populations using mtCOI marker. This variability was structured 4 i . v oty
in four distinct clades within the NJ tree. In one hand a clade (1) including weevils collected strictly from C. draba and found so far in Northem . 0
Spain, Southern France and Northern Italy, and on the other hand, populations from several host-plants with a large geographical distribution. |
Such genetic diversity together with a strong structure is surprising, given the absence of in the whole 1 -
The genetic divergence of the clade Il (Fig.6.a) is in favor of an ongoing differentiation based on host-plant specialization. Such a pattern has
already been reported in other weevils (data not shown) and it would be interesting to analyze whether this is a common feature in the 2
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and demonstrates that there may be decoupling in morphology and molecular evolution. At present, no conclusion on the level of e Bt
differentiation can be drawn from the data presented here when considering the diverse definitions of species found in literature. Thus, this . - -

study provides conceptual bases for the development of biological control programs. The combination of both the genetic characterization of prom——

the insect and the target and the host specificity testing in the biological control evaluation should be of general interest in limiting the risk of e rnk ol fom USOAARS and el vt for i conruionofpnard et sanpi. 7 Clona Unorsy fRora, ) and i
introduction side-effects and reducing both time and cost. Martinez (NRA. Mortpelier, France) are grateflly acknoweaged fof dentiication of s

This work was supported by H. MeNeel, BLM (Bureau of Land Management), CRIS No 4012-22000-016-03R




